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Latch assisted fuse testing for custoiniKed Integrated circuits. 



(g) On-chip circuitry facfiitates fiise testing in 
customized integrated ctrcufts. The circuitry 
has specific application k\ testing fuse redun- 
dancy high end memorfes. A latch assisted fuse 
testing (I-AFT) methodology emptoys an on- 
chip latch stacl< which can be used in place of 
the fuses. The Iatche3 in the stack are prog- 
rammable and can perform the san>« function 
as the fuses during chip operation. This aQows 
testing or experknentation to be perfomied 
nondestructlvely, without blowing any fuses. In 
one particular application of the invention, 
mennory anays with redundant blocks on a chip 
are pruvided with the on-chip latch stack. After 
the tests based on previously generated error 
data are perfonmed using the latch stack, fuses 
are blown to rapah* the memory array by replac- 
ing defective ' memory blocks redundant 
blodcs. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present Invention generally relates to testing 
of Integrated circuits (ICs) as part of the manufactur- 
ing process and. more particularly, to on-chip circui- 
try which facilitates fuse testing in customized rnt^ 
giated drcuits. The Invention has specific appltcation 
in testing fuse redundancy high end memories. 

Description of the Prior Art 

Redundancy In Integrated circuit memones Is 
part of current vi/afer and chip mani^acturing strategy 
to improve yield. The practice Is to blow fuses which 
^ allow extra memory cells to t^e used in place of cetis 
t hat are non-functional. Fuses have iDeen used in low- 
er performance products where the method of blow- 
ing tjie ftjses Is with a laser This is not practicaJ in 
high performance products and, cherefore, the piB- 
ferred method of blowing the fuses Is by means of 
high currents. 

The simplincation of the fuse t>low pracedure af^ 
forded by using high currenU b but one part of the 
cost of the manufacturing eQu-iton. T^ie need for im- 
proving test methodologies is also extremely impor- 
tant in the manufacturing environment. Test costis 
have been dnven higher and higher as devices tje- 
come HDore comples. The goal is lo maintain or in- 
crease the quality of the lest vyhile minimizing the cost 
of the teat end decreasing product losses resulting 
from poor quality as d«$tef mined l>y the test It is not 
an easy task to achieve these conflicling require- 
ments in the hjgJi end produa environment when per- 
formanoe and cost are I he l^ey ingredients to remain 
/ competitrve. 

The fuse blow procedure, cornbined with current 
test apparatus, does hav^ a senous drawback. Spe- 
cifically, once the fuses have been blown, the chip 
has been permanently airered. The problem Is that 
with current test apparatus, a false feH^ pattern may 
develop leading to the blowing of fuses for chips 
which actually do not have defective blocks. If the 
number of fT^ocks indicated as *ra3ed' by the test ap- 
paratus exceeds the number of fuses available to cor- 
rect for the false fails*, fuses will be blown unta the 
nurr^er of blocks needing correciion exceeds the . 
number of fuses resulting rn a rejection of the chlk>. 
Thus, chips which may in fact be good or correctable 
will be rejected until the "false fair pattern or syn- 
drome is detected and corrected 

SUMMARVOFTHEtNVENTI N 

It is therefore an object of the present invention 
to provide an Improved fuse testing nr»thodology 
which greatly simplrTies testing equipment and soft- 



ware requirements t hereby lowering cost and improv- 
ing quality of the product 

it ia another object of the Invention to provide a 
testing procedure which allows chips jsveviously test- 
5 ed and rejected to be re-tested after a "fafse fall» pat- 
tern or syndrome Is detected and corrected 

It Is a further object of the invention to pro^de OfT- 
chip latch stacks that aJlow testing of a chip to be per^ 
formed nondestructh^ely, without blowing any fuses. 

10 According to the inverTtk>n, a latoh assisted fuse 
testing (LAFT) methodology is provided which utfilzae 
an on'^hlp latch stack in place of the fuses during 
testing. The latches in the stack are programnrtabje 
and can perform the same function as the fuses dur- 

1$ ing chip operation. Hence, testing or experimentation 
with the chip can be performed nondestrudively, 
without blowing any fuses. Due to high performance 
equipment (250 fulhz) constraints, software complex* 
Ity, and logistical problems, the on-chip eircuStry eim- 

20 ptifies the testing methodology* 

In one particular application of the invention, 
memory arrays wth redundant blocks on a chip aie 
provided with the onK:hlp latch stack. After the tests 
are performed using the latch stack, fuses are blown 

2^ to customise the memory array In order for defective 
memory blocks to be replaced with redundant blocks. 



39 



BRIEF DESCRIPTION OF THE DRAWINGS 



The foregoing and other objects, aspects and ad- 
vantages vnii be better understood from the foliowing 
detailed description of a preferred emtsodiment of the 
invention with reference to the drawings, in which: 
Figure 1 is a bloc:k diagram showing the on-chip 
95 architecture of a rriemory array integrated circuit 

employing the latch stack according to the inven- 
tion; 

Figure 2 is a block diagram showing in more det^ 
the drcuitsjused in the memory array of Rgure 1 

40 to implement the iaioh assisted fuse test; 

Figure 3 is a block diagram showing a modifioa- 
tkkn to the drcuEts of Figure 2 to permit the ftises 
to be blown directly by the latches; 
Figure 4 is a schematk^ diagram showing a pre- 

4S ferred implementation of a fatch used In the latch 
stack: 

Figure 5 is a schematic diagram showing a pre- 
ferred Implementation of the fUse receiver and 
multiplexer used in the embodiments shown in 
so Figures 2 and 3; and 

Figure 6 is a schematic diagram showing a pre- 
ferred impiementation of a blow drcuit used in 
the Figure 3 embodiment. 

55 DETAILED DESCRIPTIOH OF A PREFERRED 
EUBODIMENT OF THE INVENTION 

Referring now to the drawings, and more parties 
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utarly lo Figure 1. there is shown the main array 10 
on a wafer or chip (not shown] which includes an array 
of integrated circuit devices. In a preferred embod^ 
menl. the integrated circuit devices are memory ceQs: 
however, it le to be understood that the Invention is 
not limited to the manufacture and testing of memory 
arrays and may be applied to the manufacture and 
testing of other integrated circuit devices having an 
array structure such as, for example, programmable 
logic arrays (PLAs). Also fabricated on the chip are a 
nunr^ber of redundant Integrated circuit devices 12 
(e.g.. memory cells) which can be seiecth^eiy substi- 
tuted for defective elements of the main array 10 
based upon alternating current (AC) lest data. 

Typically, the main array 10 and the redund^t 
circuits 12 are organized In blodis. Selection of a re- 
dundant integrated circuit btocl< to substitute for a 
block in the main array 10 is accomptished by blowing 
fuses 14 on the wafer or chip. An input address on ter- 
rniaais 16 is supplied via receivere 17 to a decoder 1B. 
The decoder 16 generates ttie required row and col- 
umn select signals according to input address in a 
well-known manner for the array 10. The Input ad- 
dress is also supplied to the compare circuit 20 which 
compares the address on terminals 1B with an ad- 
dress or addresses represented by blown fuses 14. If 
a compare is detected, the rnain array is disatsled t>y 
the output of compare circuit 20 on line 21 and, in- 
stead, the output on line 22 selects the redundant 
block 12 to be substKuted for the defective blocJc oor^- 
responding to that address. 

Blowing the fuses 14 'customizes" the chip such 
that only integrated circuit devices which have tested 
''good'* are induded for operation with the array 10. 
By fabricatfng redundant elements 12 in the chip and 
selectivoly substituting those elements into the array 
10 as needed the yield of acceptable chips is in- 
creased. 

Customizing the chip by fuse blowing to select re* 
dundant memory devices is well known In the art In 
the prior art when menrtory arrays are customized, er- 
ror data must be oolleoled by a test apparatus which 
represents ail the repairable bad cells in the memory 
under test Typically, the amount of error data is large 
(e.g.. 300K to 500K bytes/assuming 75K to 125K 
failed cycles of test). The error data is then process- 
ed, converted to falling addresses and compressed to 
eltmlnate dupficatioa Finally, the fuses are blown by 
either by laser or sending high current to the appro- 
priate fuses. 

The time assodated with this procedure is unac- 
ceptable on a chip- by-chip basis to achieve the 
t hroughput required for competitive production of the 
chips. Moreover, blowing fuses without Icnowing if 
there are any test system problems may Jeopardize 
entire batchas of chips. For example, the test system 
may develop a "false fail" pattern or syndrome gener- 
ating Incorrect error data. The error data. If Incorrect 
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will result in a large number of chips having fuses 
blown and then being rejected when, in fact, the chips 
were either good or correctable. 

The present invention is primarily directed to a 
5 testing methodology which allows quicker and more 
reliable Identification of defective elements In an ar- 
ray whidi is repairable by fuse blowing. Witti refer- 
ence t>ack to Figure 1, the Invention provides pro- 
granrYnable on-chip latches 24 connected in parallel 

10 with the fuses 14. The latches 24 are arranged in a 
8tacl< and can simulate the function of the flises 14 
during chip operation and test. A multiplexer 26 is 
used to selecstively direct output from the fuses 14 or 
latches 24 to the compare circuit 20. Thus, the output 

IS from the fuses 14 or latches 24 may be selectively 
compared with the address input on terminals 16. 

According to the latch assisted fuse testing 
(LAFT) methodology of the invention, the latches 24 
are programmably set with the pattern of a failed ac^ 

20 dress as determined by the test data previously gen- 
erated for the chip. The output of the latches 24 is se* 
looted by the multiplexer 26 to be compared with ad- 
dresses input on terminals 16. If there are eufftelent 
fuses to correct for the errors detected, ttie fuses win 

25 be blown at the conclusion of the test and the chip ac^ 
cepted as "good*. On the other hand, if in the course 
of slmuiatk^n of the "failed" address patterns by the 
latches 24 it develops that there are insufficient latch- 
es to correct for the errors detected, the chip is r^ect- 

90 ed as 'failed*' v^thout blowing any fuses. Now. should 
a taise fail** syndrome be detected in the error data 
f6r a k>atch of rejected chips, they can tie retested and 
those wNch can be corrected can be salvaged. 

Figuie 2 shows a block diagram of the drcuits 

35 used to implement the latch assisted luse test of the 
present invention. In Figufs Z, fuses 14a and 14b, 
latches 24a and 24b, and multiplexers 26d and 26b, 
associated with blocks 32 and 34. respectively, cor- 
respond to fuses 14. latches 24, and mii|tipIexor2e of 

40 Figure 1. It should be understood that several addi- 
tional such blocks with associated fbses and latches 
are provided in the praotioe of the invention and 
would be connected in the same manner as shown in 
Figure 2. 

4s The fuse receivers 36a and 36b sense the state 
of the fuses 14a and 14b, respectively. The latches 
24a and 24b are connected In parallel with the fuses 
14a and 14b. The multiplexers 26a and 26b allow tiie 
latch data to be used in place of the fuse data. Tiie 

so BYPASS control line 36 Is connected to each multi- 
plexer 26a and 26b and is toggled to select either the 
fuse or the latch outputs. Data from the multiplexers 
26a or 26b are passed to the compare circuit 20. 
The compare circuit 20 is conventional and has a 

55 plurality of pins FO-F? which correspond to each of 
the memory block-fiise-latch-multlplexer groups 
which are identified as FUSEO, FUSE1, etc. At the 
compare circuit 20, the fuse or latch data torn the 
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multiplexers 26a and 26b la comparad to thech^ ad- 
dress inputs ADDRO, ADDR1. eta If the fuse orfatch 
data matches the chip address inputs, then the array 
10 is disabled by a signal on line 21 and redundant 
cells are selected In place of norn^l ceils in response 5 
to the signal on line 22. 

The latches 24a and 24b are loaded when the 
LOAD control line 40 Ja toggled high. The programind- 
t>le data input to the latches 24a and 24b is designat- 
ed as inputs AO and A1, but it wjlj be understood that io 
the number of inputs Is equal to the number of ad* 
dress bits. No additional Input/outputs (l/Os) are re- 
quired than for fused chips without the latch stack ac- 
cording to the invention. 

Figures 2 and 3 show alternative designs Ibr is 
blowing the fusea 1 4a and 1 4b. In Figure 2, the Hises 
r * 1 4a and 1 4b are ttlown by an externat source applying 
a high current to lines VFO and VF1» respectively. In 
Figure 3, on-chip blow circuits 42a and 42b are pro- 
vided and work in conjunction with latches 24a and 20 
24b. respectively. High current from the BLOW line 
44 is selectively applied tc the fuses 14a and/or 14b 
under the direction of the on^hip blow circuits 42a 
and 42b. 

The testing methodology includes 9n iterative 25 
prooeee for determining the fuses which should t>e 
blown to produce a "good** chip. After a fail Is detect- 
ed» as Indicated by the error data for the chip, the 
latches 24 are programmed to simulate tha liises to 
be Mown. The test repeated N times, where N is the so 
number of allowed repairs, or untB the chip is found 
to be ''good', A ''good" chip is identified during testing 
when the latch stacK output to the comparator, which 
corresponds to a particular configuration of blown 
and non-t>]own fuses for selectively disabling certain 35 
memory blocks on the chlp» will allow the chip to pass 
(s. certain AC tests* Having several AC tests result in a 
positive response provides a quality level of assur- 
ance that an test system parameters are functioning 
properly and assures that the chfp can be repaired. 40 

in the emtxidlment of the invention shown tn Fig- 
ure 3, the redundant n^emory blocks 12 vi^ich can be 
substituted into the main array 10 in place of a defec- 
tive memory block are Identified. The address data in 
t he latches 24a and 24b is used to identify and direct 45 
high current to the particular fixses which need to be 
blown. Fuses are then Mown and the remaining op- 
erational tests for the chip are performed. As In the 
Figure 2 emtwdiment, if t he chip is not repairable, Le.. 
no configuration of t>fown and non-blown fuses is 6o 
identified from the latch stack output as resulting in a 
^'good" chlpr the chip is discarded, but without blowing 
any fuses. 

Figure 4 shows an exampte of a latch circuit which 
may be used in the practice of the Invention. This dr^ 6S 
cuit comprises a pair of complementary metal oxide 
semi-conductor (CMOS) cross-coupl d inverters 
P1,N1 and P2.N2. Specifically, a P-channel field ef- 



fect transistor (FET) Pi Is connected in series with an 
N-channel FET N1 to form the Trrst inverter, and P- 
channel FET P2 is connected in series with an N- 
channef FET N2 to form the second invertor The 
g ates of P 1 and N1 are connected in common with t he 
drains of P2 and N2. and the gates of P2 and N2 am 
connected in common with the drains of PI and N1. 
The sources of PI and P2 are connected in common 
to a source of voltage Vcc via a P-channel F£T P3. 
The gate of PZ and the sources of N 1 and N2 are con- 
nected in common with the LOAD control line. A sig- 
nal on the LOAD control line enat>fes the latch for 
loading. 

When enat4ed, asignal atlerminal 8T Is coupled 
via N-channel FET N3 to the common connection of 
the gates of Pi and N1 . The complement of the signal 
at terminal BT is applied to terminal BC and coupled 
via N-channel FET N4 to the gates of P2 and N2. The 
complementary signals BT and BC are used to set tlie 
latch. The output of the latch is taken from the drains 
of P1 and N1 via the invertor/drlver comprised of P- 
channel FET PB and N-channet FET N6. 

Figure 5 shows the cirwiiry of the fuse receh^er 
36 end the multiplexer 1B. The lUse 14 is connected 
to the voltage source Voc via a resistor R1 and to the 
return voltage source Vee via a resistor R2. The re- 
sistor R1 and the fiise and the resistor R2 constitute 
a voltage divider having an output at junction NET1 
between fuse 14 and resistor R2. The voltage dMder 
Junctk>n NET1 is connected to the input of a CMOS 
inverter com^sing P-channel FET P2 and N-channel 
FET N2. Tlie output of t he inverter is the fu se, F, input 
to the miit1plexer2a The other input to the muftlplex- 
er 26 is the output of the latch shown in Figure 4. 

The multiplexer 26 comprises CMOS gates oon- 
trblled by the true and complement of the BYPASS 
control signal, hers denoted BYPT and BYPC, re- 
spectively. More ^>edf1cally. the fuse input, F, is ap- 
plied to the 50un::e of P-channel FET P4 and t he drain 
of N-channei FET N4, while the latch input is applied 
to the source of P-channel FET P5 and the drain of 
N-channel FET N5, The BYPT control line is connect- 
ed in common with the gates of FETs N5 and P4. arKl 
the BYPC control line is connected in common with 
the gates of FETs P6 and N4. Thus, when the BYPT 
signal is low, FET N5 conducts and FET P4 is cut off. 
Since BYPC is, by definition, the complement of 
BYPT, the BYPC signal wfll be high so that FET P5 
conducts but FET N4 Is cut tift 

The output of the n^ltipiexer 26 is taken in conv 
men from each of the FETs P4.N4 and P5,N5 and ap- 
plied to cascaded Invertoiydrlvers composed of FETs 
P6,N6 and P7,N7. The output of the fust in vertoi/driv- 
er P6,N6 is Ih true output OUTT while the output of 
the econd invertor/drlver P7.N7 is the complement 
output OUTC. 

For the emlDOdiment shown in Figure 3, a bq>olar 
NPN transistor T1 is connected In parallel with resis- 
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tor RZ A blow signal applied to the bas9 of transistor 
T1 effectively shorts out resistor R2 causing a large 
current to flow m fuse 14, blowing it The blew signal 
epplled to the base of transistor T1 is generated by 
the circuit shown in Figure 6. This ciroutt Is basically 
an FET AND gate of well-lcnown design. It comprises 
d pairof P-channel FETs P1 and P2 connected In par- 
allel and a palrof N-channel FETs N1 and N2 connect- 
ed in series. The sources of P 1 and P2 are connected 
in cocninon to the voltage source Vcc. The source of 
N2 Is connected to the return voltage source Vee. The 
gates of P1 and Ist2 are connected id oommon'to input 
terminal A, and the gates of P2 and N1 are connected 
In common to Input terminal B. 

The blow signal on terminal 42 shown in Figure 3 
is applied to ternninal A of the AND gate shown in Rg- 
ure 6. The latch output Is applied to terminal B. Only 
when t here are signals simultaneously on terminals A 
' and B is an output generated. The output jb taken from 
the junction of the drains of P1« P2 and N1, denoted 
as NET2. This output is applied to the invertor/drlver 
composed of P3,t>13 which generates the blow sigraf 
applied to the base of transistor T1 in Figure S. 

While the clrcullry of Figures 4, 5 antj 6 Is used 
in the Implements tic n of the preferred embodiments 
of the Invention shown in Figures 2 and 3, this cifcwi- 
try is for the most pert conventional, other circuits 
can be substituted for the latches, multiplexers and 
blow circuits In the practice of the Invention* Thus, al- 
though the Invention has been described in terms of 
two preferred embodiments where an on-chip latch 
stack is used in testing integrated circuit wafers or 

chips in order for active, reckindant memory ceils to 
be selected for substitution into a memory array with 
defective memory cells being removed by selectrve 
fuss blowing* those skilled in the art wfn recognize 
that the invention can be practiced with modtf ication 
) within the spirit and soope of the appended claims. 
For example, those integrated drcuit <fevices espe- 
ciafly benefiting from the methodology of the inv^v 
ttan are array structures, such as memory arrays, but 
the invention includes other types Of array structures, 
such as programmable logic arrays (PLAs). 



Claims 

1. Latch assisted fuse testing circuitry for testing in- 
tegrated circuit chips fabricated with an array 
structure during the process of manufacturing 
said chips, said array structure being character- 
ized by a main array structure and redundant 
bloclcs wherein redundant blocks can be substi- 
tuted for blocks in said main array structure by 
the selective blowing of fuses in a fus array, said 
testir^ circuitry comprising: 

an on-chip latch stact( comprising a plural- 
ity of programmat)! latches paralleling the fuses 
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in said fuse array; 

means for programming said latches to 
simuiate a pattern of blown fuses according to 
previously generated error data; 
5 multiplexer means responsive to a bypass 

signal for selecting outputs from said fuses or 
said latches; 

comparator means for comparing outputs 
provided by said multiplexernrteans with a prede* 
10 termined test in put to either allow the selection of 

a biock within said main array structure or a re- 
dundant block; and 

means for seleoth^ely blowing fuses in only 
those chips which are tested as repairable. 

1$ 

2. The latch assisted fuse testing circuitry recited in 
dalm 1 wherein said means fbr selectively hlcw^ 
fng fuses compnses of f'-chip means for supplying 
a current to blow those fuses according to the 
20 piograrnming of said latches. 

3*. The latch assisted fuse testing circuitry recited in 
claim 1 wherein said means for selectively blow- 
ing fuses comprises; 
25 a plurality of on-chip Wow circuits respon- 

sive lo said latches for supplying a current to Wow 
t iioee fuses according to't he programming of sakt 
latches; and 

means supplying said current to said plui^ 
30 ality of on-chip bkrw circuits. 

4. TIte latch assisted fuse testing drcuHry recited in 
claim 1 wherein said array Structure comprises a 
memory array. 

35 

5. The latch assisted fuse testing circuitry recited in 
dahn 1 wherein said array structure is a progranv 
mable logic array. 

40 6. A latch assisted fuse testing method for testing in- 
tegrated circuit chips fabricated with an arrsy 
structure during the process of marujfacturing 
said chips, said array sbructure being character- 
ized t>y a main array structure and redundant 

45 blocks wherein redundant blocks can be substi- 
tuted for biodcs in said main array structura by 
the selecthre blowing of fuses in a fuse array, said 
testing method comprising the steps of: 

pro>flding an orvchip latch stacic compris- 

so ing a plurality of programmable latches parallel- 

ing the fuses in said fuse array; 

progrannming said latches to simulate a 
pattern of blown fuses according to previously 
generated error data; 

5S selecting outputs from said latches to sim- 

ulate a pattern of t^own and unblown fuses; 

comparing outputs provided by said multi- 
plexer means \Mth a predetermined test input to 
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either allow the selection of a block within said 
main array structure or a redundant block; and 

blowing fuses according to the simulated 
pattern rn only those chips which are t&sted as re- 
pairable. $ 

7» The latch assisted fuse testing method recited in 
daim 6 wherein the step of blowing fuses is per- 
formed by supplying a current to blow those fu- 
ses according to the progremming of said latch- io 



The latch assisted fuse testing method recited in 
daim 7 wherein the step of supplying a current to 
tdow fuses is performed by providing an on-chip is 
plurality of on-chip blow circuits responsive to 
saM latches for supplying said current to blow 
those fuses acoording to the programming of said 
latches. 

20 
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FIG. 1 
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FIG. 2 
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